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TITLE: Demodulation Device 
ABSTRACT 

[Purpose] To reduce fluctuations in the amplitude of demodulated data. 

[Constitution] Demodulated data of data channels from respective paths are 
supplied by the demodulators 13a-13c, respectively taken as Sdl, Sd2 and Sd3, and the 
electrical power values of the pilot channels of respective paths supplied by the 
demodulators 13a- 13c are taken as Edl, Ed2 and Ed3. The multiplier 34 outputs a 
signal S which is combined demodulated data (Sdl + Sd2 + Sd3) calculated by an adder 
31 which has been converted according to the following equation. 

S = (Sdl + Sd2 + Sd3) * C / (Edl + Ed2 + Ed3) 
Where C is a designated constant. 
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CLAIMS 

1 . A demodulation device comprising 

a plurality of demodulating means for demodulating received signals and 
outputting demodulated data; and 

combining means for combining said demodulated data outputted from said 
plurality of demodulating means, and outputting combined demodulated data; 

characterized in that 

each of said plurality of demodulating means has 

calculating means for calculating a signal strength of said demodulated data 
demodulated therein; and 

said combining means has 

adding means for adding said signal strengths outputted from the calculating 
means held by each of said plurality of demodulating means; and 

control means for controlling the signal strengths of said combined 
demodulated data based on the addition results of said adding means. 

2. A demodulation device as recited in claim 1, characterized in that said 
demodulated data comprises a pilot channel composed of a designated code and a data 
channel composed of communication data; and 

said calculating means calculates a signal strength of said pilot channel data. 

3. A demodulation device as recited in either of claims 1 or 2, characterized in 
that said control means multiplies a constant for obtaining a desired signal strength with 
said combined demodulated data based on the addition result of said adding means. 

DETAILED DESCRIPTION OF THE INVENTION 
Technical Field of the Invention 
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The present invention relates to a demodulation device suitable for use in receiving 
signals and demodulated demodulation portions in, for example, cellular phones. 

Conventional Art 

In recent years, attention has been given to spread spectrum communication formats 
(hereafter abbreviated as SS formats) which communicate by spreading modulated 
waves over a spectral band which is hundreds to thousands wider than the information 
bandwidth. In these SS formats, the frequency spectrum is spread by modulating a 
carrier wave by means of a PN code (pseudo-noise code) on the transmitter side, and 
this spread spectrum signal is sent to the receiver. Then, at the receiver, after 
despreading (correlation) using a PN code generated by a code generator having the 
same structure as in the transmitter, the signal is demodulated (baseband demodulation) 
to obtain the data. 

In an SS format, the patterns of the PN codes must be identical, and their phase must 
also match in order to demodulate the signals in the receiver. That is, communications 
can only be established when the PN codes used on the transmitting and receiving ends 
are in the same system and have the same phase. By making use of this property, it is 
possible to use many channels according to the differences in PN codes using the same 
frequency band. The method of performing multiple access connections 
(multiplexing) by discriminating between channels by using PN codes is called a 
CDMA (Code Division Multiple Access) format. 

Signals multiplexed by a CDMA format, as mentioned above, are highly resistant to 
disturbances, and normally have high resolution even in multipaths which cause mutual 
disturbances (noise), so that many channels can be taken on the same band. For this 
reason, for example, cellular phones have been realized which use this format in mobile 
terminals. 

According to cellular telephones which make use of a CDMA format, as shown in Fig. 6, 
for example, it is possible to discriminate between a plurality of paths such as the path 
P, direct from the base station A, the paths P 2 and P 3 reflected by reflectants, and the 
path P 4 from another base station, of which the path with the highest reception level is 
selected for use in communications. 

However, if the cellular phone is at a location which is far from base stations A and B in 
Fig. 6, and is mobbing at a point which is approximately equidistant from both, then the 
path selected by the cellular phone may alternate between the path from base station a to 
the path from base station B. For this reason, there are problems such as the 
discomfort to the users when the signals received in cellular telephones are cut off. 
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Furthermore, in this case, even the path with the highest signal level among the paths 
formed to the cellular phone will have a bad S/N ratio, i.e. the reception signal will 
include a lot of noise, since the cellular phone is positioned at a point far from the base 
stations A and B, thereby giving the user a feeling of discomfort. 

Therefore, there are cellular phones of formats which ensure improved S/N ratios 
(improved communication quality) by comprising a plurality of demodulators for 
demodulating a plurality of paths formed with one base station, combining the outputs 
of the respective demodulators (hereinafter referred to as diversity formats) and cellular 
phones of formats which ensure improved S/N ratios by comprising a plurality of 
demodulators for demodulating paths formed with a plurality of base stations and 
combining the outputs of the demodulators (hereinafter referred to as soft-handover 
formats). 

Furthermore, recently, cellular phones of formats for improving the S/N ratio by 
comprising a plurality of paths from one base station and a plurality of demodulators for 
demodulating a plurality of paths including paths from a plurality of base stations, and 
combining the outputs of the respective demodulators have been proposed (hereinafter 
referred to as diversity RAKE formats). 

Problems to be Solved by the Invention 

In diversity formats, soft-handover formats and diversity RAKE formats as described 
above, a plurality of demodulators are respectively controlled so that of the plurality of 
paths, the ones which are suitable for combining (for example, those in the plurality of 
paths with high signal levels) are selected as needed, and these selected paths are 
demodulated. 

That is, for example, when a cellular phone has three demodulators, three paths with 
high signal levels are chosen from among a plurality of paths, and those three paths are 
respectively demodulated by three demodulators. 

Then, since the cellular telephones are normally used while moving, each modulators 
does not necessarily demodulated the same path, so that the paths demodulated by the 
demodulators are switched in accordance with the reception signal level along that path. 

When switching paths for demodulation in this way, the output of demodulation data 
from the demodulators is temporarily suspended in order to prepare. In this case, the 
signal level of the data combining demodulated data outputted from a plurality of 
demodulators (hereinbelow referred to as combined demodulated data) suddenly 
becomes small. 

Furthermore, when the output of demodulated data from a suspended demodulator is 



Japanese Patent Application 
First Publication No. Hei 7-74694 



Page 5 



started, the signal level of combined demodulated data suddenly becomes large. 

Additionally, the plurality of demodulators are not always performing demodulation 
operations, and operate according to need (for example, when a sufficient S/N ratio is 
obtained on a signal along one path, then one of the plurality of demodulators is 
activated, whereas when there is a need to increase the S/N ratio by adding a plurality of 
demodulated data, then at least to of the plurality of demodulators is activated). 

That is, each of the plurality of demodulators is activated and suspended according to 
need, as a consequence of which the signal level of the combined demodulated data will 
suddenly become large or small. 

Furthermore, in each of the plurality of modulators, even when demodulation is 
performed continuously over time, the signal level of demodulation data outputted from 
a specific demodulator will, for example be influenced by multipath fading or the like, 
as a result of which the combined demodulated data level will change. 

On the other hand, in the cellular phones which have been recently proposed, further 
improvement of the S/N ratio and reductions in the error rate are ensured by maximum 
likelihood decoding of the demodulated data such as viterbi decoding. 

In this case, it is required for the amplitude of the demodulated data not to change very 
much during soft judgment in viterbi decoding, but during demodulation by diversity 
formats, soft-handover formats and diversity RAKE formats, as described above, the 
level of the combined demodulated data will suddenly become large or small. 

For this reason, during decoding, the properties (error detection error correction ability) 
are degraded, and the error rate becomes worse. 

The present invention was made in view of this situation, and enables the prevention of 
worsening of the error rate. 

Means for Solving the Problems 

A demodulation device as recited in claim 1 comprises a plurality of demodulators 13a- 
13c as demodulating means for demodulating received signals and outputting 
demodulated data; and a combiner 14 as combining means for combining said 
demodulated data outputted from said plurality of demodulators 13a-13c, and outputting 
combined demodulated data; characterized in that each of said plurality of demodulators 
has a squaring device 22a, 22b and processing device 23 as calculating means for 
calculating a signal strength of said demodulated data demodulated therein; and said 
combiner 14 has an adder 32 as adding means for adding said signal strengths outputted 
from the squaring devices 22a, 22b and processing device 23 held by each of said 
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plurality of demodulators 13a-13c; and a multiplier 34 as control means for controlling 
the signal strengths of said combined demodulated data based on the addition results of 
said adder 32. 

A demodulation device as recited in claim 2 is characterized in that the demodulated 
data comprises a pilot channel composed of a designated code and a data channel 
composed of communication data; and said squaring devices 22a, 22b and processing 
device 23 calculate a signal strength of said pilot channel data. 

A demodulation device as recited in claim 3 is characterized in that said multiplier 34 
multiplies a constant C for obtaining a desired signal strength with said combined 
demodulated data based on the addition result of said adder 32. 

Functions 

In the demodulation device as recited in claim 1, the signal strengths of the demodulated 
data demodulated in the demodulators 13a- 13c are added, and the signal strength of the 
combined demodulated data is controlled to be constant based on the addition results. 
As a result, it is possible to prevent the error rate from worsening during decoding of the 
combined demodulated date. 

In the demodulation device as recited in claim 2, of the pilot channel and data channel 
in the demodulated data, the signal strength of the pilot channel is calculated. 
Therefore, a highly precise signal strength is calculated, and the signal strength of the 
combined demodulated data is controlled so as to be precisely constant. 

In the demodulation device as recited in claim 3, a constant C for obtaining a desired 
signal strength is multiplied with the combined demodulated data based on the results of 
the addition result of the adder 32. Therefore, the signal strength of the combined 
demodulated data can easily be controlled to be constant. 

Embodiments 

Embodiments of the present invention shall be described below, but as preparation, the 
structure of the base station as the transmitting side in a CDMA format, and the 
structure of the data transmitted from the base station to the cellular phones shall be 
explained. 

Fig. 1 shows an example of the structure of a base station. Data (communication data) 
transmitted from other exchanges or public access networks not shown in the drawing 
passes through the exchange 1 of a telephone station managing the base station, and is 
inputted to the encoder 2. In the encoder 2, a designated encoding process is 
performed on transmission data and is inputted to the modulator 3a. The modulator 3a 
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performs a modulation process for turning the encoded data from the encoder 2 into a 
spread spectrum signal in accordance with the designated PN code, and outputs the 
result to the transmitter 4a. The transmitter 4a performs various procedures such as 
up-converting and amplification of the signals from the converter 4a, and outputs the 
result as radio waves from the antenna 5 a. 

If the antenna 5a has directionality toward directions of a designated range, then an 
antenna 5b with a directionality such as to compensate for the directions in that range is 
provided as needed, and a transmitter 4b and modulator 3b are provided for supplying 
signals to that antenna 5b. 

Then, the encoded data from the encoder 2 is processed in the same manner as in the 
above-described case of the modulator 3a and transmitter 4a in the modulator 3b and the 
transmitter 4b, and is outputted from the antenna 5b (soft-handover format). 

Here, in Fig. 1, two each of the modulator, transmitter and antenna are shown in the 
drawing, but the number is not restricted thereto. 

Additionally, in the diversity RAKE format mentioned above, the result of encoding and 
modulating the same transmission data is sent out from other base stations structured in 
the same manner as the base station of Fig. 1. 

In the base station of Fig. 1, each block is connected by a single line, whereby only the 
path of a single channel of data is indicated, but in actuality, the data of a plurality of 
channels is transmitted using the same frequency band (by code division multiplexing) 
due to the CDMA format. 

Fig. 2 shows a communication path in the direction from the base station to the cellular 
phone, i.e. a forward-link structure. As shown in the drawing, a forward link is largely 
composed of a pilot channel which repeats a fixed-value PN code for clock playback at 
the cellular phone, and a data channel containing various communication data as other 
channels. 

Furthermore, the data channel is composed of a sink channel containing time 
information for synchronizing the base station and the cellular phone, a paging channel 
containing control signals for calling up the cellular phone from the base station when a 
call arrives and signals for determining which base station received the call, and 
basically, a traffic channel containing voice data and the like for communicating. 

In the base station, each channel is spread by a different PN code, code-division 
multiplexed, and transmitted. 



In Fig. 2, a plurality of traffic channels are shown, but one is sufficient. 



Additionally, 
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while only one paging channel is shown, it is possible to provide a plurality. 

Next, Fig. 3 is a block diagram showing the structure of an embodiment of a CDMA 
format cellular telephone using the present invention. For example, signals composed 
of channels as shown in Fig. 2 as multi-paths from at least one base station structured as 
shown in Fig. 1 are received by the antenna 11 and outputted to the receiver 12. The 
receiver 12, for example, orthogonally detects signals (hereinbelow referred to as 
reception signals) received by the antenna 11. 

That is, in the receiver 12, a reception signal, a detecting signal of a designated 
frequency or a signal having the phase of the detecting signal shifted (rotated) by nJ2 are 
multiplied together, as a result of which a signal component (hereinafter referred to as 
an I-channel signal) having the same phase as the phase reference point and a signal 
component (hereinafter referred to as a Q-channel signal) orthogonal to the phase 
reference point are outputted. 

The I and Q channel signals outputted from the receiver 12 are supplied to the 
demodulators 13 a- 13c, and supplied to the control circuit 16. 

In the control circuit 16, by taking the correlation of the I and Q channel signals with 
various PN codes, the PN codes used respectively in the plurality of paths received in 
the cellular phone are discriminated, and the paths to be demodulated by the 
demodulators 13a-13c are decided. Then, the path demodulation orders base on the 
decided results are made with respect to each of the demodulators 13 a- 13 c, and the PN 
codes for demodulating the paths are outputted. 

Each of the demodulators 13a-13c are structured as shown, for example, in Fig. 4, so as 
to demodulate the pilot channel and data channel (sink channel, paging channel and 
traffic channel) (Fig. 2) decided by the control circuit 16 from the signals of the I and Q 
channels of that path, and calculate the electrical power values of the pilot channel 
signals (fixed PN codes) of each path. 

That is, as shown in the drawing, in the demodulator 13a (the same is true of 13b and 
13c), an I-channel signal is first inputted to the despreaders 21a and 21c, then the Q- 
channel signals are inputted to the despreaders 21b and 2 Id. 

Furthermore, in the despreader 21a or 21c, PN codes PN PI or PN DI identical to the PN 
codes used in the base station are inputted to despread the I-channel signals of the pilot 
channel or data channel of a path designated by the control circuit 16. 

In the despreaders 21a and 21c, the I-channel signals are despread using the PN codes 
PN PI or PN DI , as a result of which the despread data Pj or D! on the I-channel of the pilot 
channel or data channel of the path designated by the control circuit 16 is generated. 
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Similarly, in order to despread the Q-channel signals in the pilot channel and data 
channel in the path designated by the control circuit, the same PN codes PNj>q and PN DQ 
as the PN codes used in the base station are respectively inputted in the despreaders 21b 
and 2 Id, and in the despreaders 21a and 21c, the Q-channel signals are despread using 
the PN codes PNpq or PN,^, as a result of which despread data P Q or D Q of the Q- 
channel in the pilot channel or data channel for the path designated by the control circuit 
16 are generated. 

. The despread data Pi and P Q of the pilot channel and the despread data D! and D Q of the 
data channel are supplied to the processor 25, after which the despread data Pj or P Q of 
the pilot channel is supplied to the squaring device 22a or 22b. 

At the squaring devices 22a or 22b, the despread data Pj or P Q of the pilot channel are 
respectively squared, and supplied to the processor 23. At the processor 23, the 
outputs of the squaring devices 22a and 22b are added. 

As a result, the output of the processor 23 will be Pj* + P Q 2 , i.e. the electrical power 
value of the pilot channel. The power value of the pilot channel is supplied to a LPF 
(low-pass filter) 24, where the noise is eliminated and outputted to the combiner 14 (Fig. 
3)- 

On the other hand, in the processor 25, the data channel is demodulated from the 
despread data Pj and P Q of the pilot channel and the despread data D r and D Q from the 
data channel. 

That is, the processor 25, for example, generates demodulated data D of the data 
channel by multiplying the despread data of the I or Q channel of the data channel and 
the pilot channel, and adding the results of the multiplication. 

D = D I -P I + D Q -P Q 

The demodulated data of the data channel obtained by the processor 25 is outputted to 
the combiner 14 (Fig. 1) as with the power values of the pilot channel. 

Aside from being used to calculate the power values and being supplied to a processing 
circuit not shown in the drawings to generate a clock as mentioned above, the despread 
data of the pilot channel is used to correct errors in the frequency of detecting signals in 
the receiver 12. 

The combiner 14 adds (combines) the demodulated data from the data channels of the 
respective buses supplied as described above from the demodulators 13 a- 13c, and 
thereby generates demodulated data (combined demodulated data) with an improved 
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At the same time, the combiner 14 adds (combines) the power values of the pilot 
channels of each path supplied by the demodulators 13a-13c, and controls the generated 
combined demodulated data so that the power value thereof will be constant based on 
the added value (hereinafter referred to as combined power value). 

That is, the combiner 14, as shown in Fig. 5, is composed of adders 31, 32, a multiplier 
calculator 33 and a multiplier 34. First, in the adder 31, the demodulated data of the 
data channels of each path supplied respectively from the demodulators 13a-13c are 
added (combined), and the combined demodulated data (demodulated data sum value) 
is calculated. 

At the same time, in the adder 32, the power values of the pilot channels of each path 
supplied respectively from the demodulators 13a- 13c are added (combined), and a 
combined power value (overall power value) is calculated. 

That is, taking the pilot channel power values of each path supplied from the 
demodulators 13a-13c respectively as Edl, Ed2 and Ed3, the adder 32 calculates Edl + 
Ed2 + Ed3, then outputs the result to the multiplier calculator 33. 

The multiplier calculator 33 divides a designated constant C as a reference power value 
(energy value) with the combined power value Edl + Ed2 + Ed3, and outputs the results 
of the division (= C/(Edl + Ed2 + Ed3)) to the multiplier 34. This division result shall 
be a multiplier in the multiplier 34 to be explained, and therefore shall be known 
herebelow as the multiplier. 

The multiplier 34 multiplies the multiplier outputted from the multiplier calculator 33 (= 
C/(Edl + Ed2 + Ed3)) with the combined demodulated data calculated by the adder 3 1 . 
That is, the multiplier 34 outputs the combined demodulated data times the multiplier (= 
C/(Edl +Ed2 + Ed3)). 

Here, taking the power values of the demodulated data of the data channels of each path 
supplied by the demodulators 13a-13c as respectively Sdl, Sd2 and Sd3, the values Sdl 
and Edl, Sd2 and Ed2, and Sd3 and Ed3 are respectively the power values of the data 
channel and pilot channel on the same path, so that the following relationships are 
established. 

Sdl oc Edl, Sd2 oc Ed2 and Sd3 oc Ed3 

This leads to the following equation. 



Sdl + Sd2 + Sd3 oc Edl + Ed2 + Ed3 



(1) 
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Additionally, the power value S of the combined demodulated data outputted from the 
multiplier 34 is, as mentioned above, equal to the combined demodulated data power 
value calculated in the adder 31 times the multiplier (= C/(Edl + Ed2 + Ed3)) outputted 
by the multiplier calculator 33, and can therefore be expressed as follows. 

S = (Sdl + Sd2 + Sd3) x C / (Edl + Ed2 + Ed3) (2) 

From equation (1), (Sdl + Sd2 + Sd3) / (Edl + Ed2 + Ed3) will be a constant value, so 
that the power S of the combined demodulated data expressed in Equation (2) will be a 
constant value. 

That is, as described above, the power value (level) (Sdl + Sd2 + Sd3) of the combined 
demodulated data from the adder 31 will change according to suspension or starting of 
the activity of the demodulators 13a-13c, or switching of the path being demodulated. 

Therefore, in this cellular phone, a multiplier calculator 33 calculates a multiplier which 
is the inverse of the combined power value (Edl + Ed2 + Ed3) which changes in 
proportion to the power value (Sdl + Sd2 + Sd3) of the combined demodulated data 
from the adder times a designated constant C, and by multiplying the combined 
demodulated data with that multiplier in the multiplier 34, it is possible to obtain 
combined demodulated data wherein the power value is constant. 

That is, in the multiplier 34, when the power value (Sdl + Sd2 + Sd3) of the combined 
demodulated data from the adder 31 is large, a small multiplier is multiplied to the 
power value, whereas when the power value (Sdl + Sd2 + Sd3) of the combined 
demodulated data from the adder 31 is small, a large multiplier is multiplied to the 
power value, whereby combined demodulated data of a constant power value is 
outputted. 

The designated constant C (in Equation (2)) used in the multiplier calculator 33 is set 
such as to obtain combined demodulated data of a desired power value based on the 
dynamic range of the device. 

The combined demodulated data having a constant power value outputted from the 
multiplier 34 (combiner 14) is supplied to the decoder 15 (Fig. 1). 

In the decoder 15, the demodulated data with a constant power value from the combiner 
14 is maximum-likelihood decoded by, for example, viterbi decoding, and decoded data 
(reception data) is outputted. 

Thus, the decoding is performed on combined demodulated data with a nearly 
unchanging amplitude, so that it is possible to prevent the error rate of the decoded data 
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from becoming worse (degradation of the error correction ability in the decoder 15). 

Whereas a case of use of the demodulation device of the present invention with cellular 
phones has been described above, the present invention is applicable to demodulation 
devices for demodulating signals other than those of cellular phones as well. 

In the present embodiment, the cellular phone multiplexing format is a CDMA format, 
but is not restricted thereto. 

Additionally, while a cellular phone having three demodulators 13a-13c has been 
explained in the present embodiment, the number of demodulators can be one or two, or 
four or more just as well as three. However, when the number of demodulators 
provided in the cellular phone is one, there is no need to provide the adders 3 1 and 32 in 
the combiner 14 shown in Fig. 5. 

Furthermore, in the present embodiment, the power value of the combined demodulated 
data is made constant based on power values of the pilot channel, but aside from the 
pilot channel, it is possible to use the power values of the data channels (sink channel, 
paging channel or traffic channel) shown in Fig. 2. 

However, the pilot channel should have a signal level which is 3-6 dB higher than the 
data channel, and the signal entered into the pilot channel is a fixed PN code, so that it 
is considered to be easier to control the power values of the combined demodulated data 
constant with high precision by using the power values of the pilot channel as in the 
present embodiment. 

Effects of the Invention 

According to the demodulation device recited in claim 1, the signal strengths of the 
demodulated data demodulated in a plurality of demodulating means are added, and 
based on the results of the addition, the signal strength of the combined demodulated 
data is controlled to be constant. As a result, it is possible to prevent the error rate 
from becoming worse during demodulation of the combined demodulated data. 

According to the demodulation device recited in claim 2, of the demodulated data of the 
pilot channel and the data channel, the signal strength of the pilot channel is calculated. 
As a result, a highly precise signal strength is calculated, so as to allow the signal 
strength of the combined demodulated data to be controlled so as to be precisely 
constant. 

According to the demodulation device recited in claim 3, a constant for obtaining a 
desired signal strength is multiplied to the combined demodulated data based on 
addition results of the adding means. As a result, the signal strength of the combined 
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demodulated data can easily be controlled so as to be constant. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A block diagram showing an example of the structure of the base station. 

Fig. 2 A diagram for explaining the structure of the forward link. 

Fig. 3 A block diagram showing the structure of an embodiment of a cellular phone to 
which the demodulation device of the present invention is applied. 

Fig. 4 A more detailed block diagram of a demodulator 13a (13b or 13c) according to 
the embodiment of Fig. 3. 

Fig. 5 A more detailed block diagram of a combiner 14 according to the embodiment 
of Fig. 3. 

Fig. 6 A diagram for explaining multipath. 
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